Heilongjiang Reclamation Area forestry is an important part of Heilongjiang province forestry. Returning farmland to forest land was fully opened in 2002 and some successes have been achieved. According to the improved GM(1,1) prediction model, the trend of the output values of primary industry of forestry and its sub-industries in 2015~2018 were predicted, which could provide some references for formulating policies to consolidate the results of returning farmland to forest land in rural areas in Heilongjiang province. The nonsmooth raw data was processed by logarithmic transform, and the background values and the initial values were adjusted according to current studies. The GM(1,1) prediction model passed through the posterior error test, residual test and correlation coefficient test. The results show that the improved GM (1, 1) prediction model not only can be used to predict the output value of forestry and other industries but also can provide some references for the comparison of prediction accuracy. Total output values of primary industry of forestry showed a growth trend and the values of the cultivation and planting of forest trees industry are higher than the other two subindustries in the next 4 years in Heilongjiang Reclamation Area.
INTRODUCTION
The scholars (Song et al., 2009; Wang et al., 2011; Shang et al., 2011; Meng et al., 2013) analyze the forestry industry structure in some places by using traditional GM(1,1) model. When the class ratio value of raw data does not meet the requirements of data smoothing, some scholars (Huang, 2012; Zhu and Su, 2013) use the metabolism method to process raw data. But when the data cannot meet the conditions of the metabolism method, some scholars (Chen, 1990; Hou, 1995; Wang, 2014) convert the raw data into logarithmic data. In order to improve the prediction accuracy, Luo et al. (2003) proposed a method to optimize the background value of the GM (1, 1) model, which not only expands the application range of the model, but also greatly improves the prediction accuracy of the model. Then Zhang et al. (2007) according to the new information priority principle of grey system put forward the -n‖ component among raw data series could be as the initial conditions of the grey differential model, then he improved the GM (1,1) prediction model again according to the optimized background value that was proposed by Luo et al. (2003) and illustrates the prediction accuracy of the improved GM (1,1) prediction model is not affected by the developed grey number.
Based on the existing researches, when the output value raw data series of the primary industry of forestry and its sub-industries of Heilongjiang Reclamation Area can not meet the requirements of the metabolism method, the raw data series are processed by Logarithmic transform. And under the conditions of changing background value (Luo et al., 2003; Zhang and Xi, 2013) and initial value (Zhang, 2007) , the improved GM (1,1) prediction model is used to predict the output values of forestry first industry and its sub-industries in Heilongjiang Reclamation Area. The comprehensive application of the improvements mentioned above can provide a reference for prediction accuracy of GM (1,1) prediction model when we use the model to forecast the output values of forestry industry or other industries.
RESEARCH METHODS AND DATA SOURCES
The grey differential equation of the improved GM(1,1) prediction model (Zhang et al., 2007) is expressed as
where i=0,1,2,3; 0-Heilongjiang Reclamation Area forestry; 1-cultivation and planting of forest trees industry; 2 -forest products collection industry; 3-forest trees harvesting and transportation industry and its whitening equation is expressed as
where  is the developed grey number and u is the internal control gray coefficient. Compared with the time response function of traditional GM (1,1) model (Song et al., 2009; Wang et al., 2011; Shang, 2011; Meng et al., 2013) , the main differences are that the improved model takes the last year as the base period (Zhang, 2014) , reflecting the new information priority principle of system grey, while the traditional model takes the first year as the base period. The two kind of time response functions are expressed respectively as
can be used to instead the traditional background values 2 1
The raw data should reach the smoothing criterion when we adopt GM (1,1) prediction model to forecast output value. The methods such as logarithmic transformation, indexation and mean value could be used to make the raw data meet the requirements of data smoothing. If the model is used to predict by using processed data, the corresponding reduction method should be applied to restore the predicted values. At the same time the model should also achieve certain forecast accuracy. Generally, the posterior difference test method and residual test method (Huang, 2012) are always used to test the forecast accuracy of the GM (1,1) prediction model. However, Wu (2002) adjusted the lower limit of correlation coefficient and illustrated the consistency of the three methods: the correlation degree test, the posterior difference test and the residual test. The raw data series of output value of primary industry of forestry and its sub-industries from 2003 to 2014 in Heilongjiang Reclamation Area are shown in Table 1 . 
Notes:
1. The output values above mentioned of ‗primary industry of forestry' only includes cultivation and planting of forest trees industry, forest products collection industry, forest trees harvesting and transportation industry in the ‗Heilongjiang Statistical Reclamation Yearbook', which means 'forestry' output values are ‗primary industry of forestry' output value in Heilongjiang Reclamation Area.
2. In order to observe the computing process of level ratio value conveniently, the level ratio value sequences are also listed in this table, which can be used in raw data smoothing test 3. The level ratio value is dimensionless transformation, which is obtained based on the formula ( 3 ,
).
PREDICTION PROGRAM

Raw data smoothing test
The level ratio value smoothing test and level ratio value boundary limit test of raw data are both needed, which is mainly to test the data smoothing whether it is meeting the standard that the model can be used to predict output values.
(1) Level ratio value smoothing test
The interval formula (Dong, 2006) 
The boundary limit interval ( 12  t ) is expressed as (
We can see that there are 26 i  values among 44 i  values are not in the boundary limit interval in Table   1 , such as 0.6969, 0.7451, 0.7113 are less than 0.8574, which show that the level ratio values ( i  ) of the raw data values series ( ) ( ) ( t x i 0 ) do not through the level ratio value boundary limit test. When level ratio values ( i  ) can not pass through the level ratio value boundary limit test, the researchers (Huang, 2012; Zhu and Sun, 2013) used the metabolic method to improve the GM (1,1) model. But the metabolic method need the level ratio values of raw data values series must have at least 4 continuous years to though the level ratio value boundary limit test. However there only 9 numbers of 3 continuous years can though the level ratio value boundary limit test, they are the level ratio values ( 0  ) of 2004~2007 years, the level ratio values ( 3  ) of 2003~2006 years and 2011~2014 years respectively, which means the metabolic method cannot be used to handle the raw data values series. Therefore raw data was processed by using a logarithmic transformation method (Chen, 1990; Hou, 1995) .
The transformed logarithmic data columns ( ). According to the processing ideas above of the raw data values series, the raw data of output value of primary industry of forestry and its sub-industries in Heilongjiang Reclamation Area are converted to logarithmic values series. The logarithmic values series and their level ratio values series ( i ˆ) are shown in Table 2 . ), which indicated logarithmic values data can be used to predict by improved GM (1,1) logarithmic prediction model.
Prediction model solution
Based on the comprehensive improvements of the research methods, the improved GM (1,1) prediction models are shown in Table 3 . 
, the parameters i a and i u could be calculated. The improved GM (1,1) logarithmic prediction models whether can be used to predict the output value of primary industry of forestry and its sub-industries in Heilongjiang Reclamation Area, the prediction model precision also need to be tested. The improved GM (1,1) logarithmic prediction models are tested by using residual test, posterior difference test and correlation degree test in this paper.
Precision test of the prediction model 3.3.1 Residual test
The residual test formula for the prediction accuracy is written as % 100
is absolute error series of the logarithmic total output values, ; Huang, 2012), the improved GM (1,1) prediction models could pass through the residual test. The prediction accuracy values of the improved GM (1,1) logarithmic prediction model are all greater than 96%, which indicate the prediction models passed through the residual test with a high accuracy according to Table 4 . 
)is prediction value from 2003 to 2014 based on the GM (1,1) logarithmic prediction model in Table 3 .
Obviously, the improved GM (1,1) logarithmic prediction model has higher prediction accuracy. Because the prediction model is obtained according to logarithmic raw data of forestry output values, the predicted logarithmic output values based on the prediction model in Table 3 need to be returned into output values by formula , and the restored output values of the forest sub-industries in Heilongjiang Reclamation Area in 2015~2018 are shown in Table 9 .
Posterior difference test
Posterior difference test includes two indexes of i C values and i P values. The ratio value i C ( ). The i P value is the small error probability (Wu, 2002) and is written as
According to the formula above, the indexes values ( 1 , i
are calculated respectively as shown in Table 5 . equal to 1, that is to say the small error probability values are all 1. Therefore the improved GM (1, 1) logarithmic prediction models are consistent with the ‗excellent' standard so that the high precision forecast values can obtained when the model is used to predict the output values of primary industry of forestry and its sub-industries.
Correlation degree test
Correlation degree test is to calculate the grey correlation degree ( i r  ) between the predictive values series
. If the grey correlation degree ( i r  ) is more than the value 0.5, the predicted data values are related to the raw data values, which indicates the prediction models could pass through the correlation degree test ( Wu, 2002 ) . The formula for calculating the grey correlation degree is expressed as
that indicates the relations between the raw output value series and the predicted output value series is expressed as
is resolution ratio that is often taken as 0.5 ( Lu, 1997; Wu, 2002; Zhu and Gao, 2008; Liu, 2013; Li and Wei, 2007; Zhao and Geng; . The improved GM (1, 1) logarithmic prediction models (see Table 3 ) through the correlation degree test for all the values are more than 0.5 as shown in Table 6 .
Forecast result
The improved GM (1,1) logarithmic prediction models are used to predict the logarithmic output values (see the second, fourth, sixth and eighth column in the table 7).
Followed the reduction formula (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) (2018) need to occupy more spaces, so only the part of 2015-2018 is listed as in Table 7 . 2015 11.97 158280.70 11.38 87619.30 10.93 55773.38 9.83 18502.51 2016 12.22 203658.81 11.63 112004.8 11.19 72646.95 10.07 23660.73 2017 12.47 261563.92 11.88 144254.53 11.47 95538.91 10.32 30396.21 2018 12.73 337658.02 12.14 186815.95 11.75 126489.49 10.58 39293.13 The predicted output values of primary industry of forestry and its sub-industries show an increasing trend in 2015~2018 in Heilongjiang Reclamation Area. The predicted output values of cultivation and planting of forest trees industry are higher than those of forest products collection industry, forest harvesting and transportation industry.
The sum of the predicted output values of three forestry sub-industries is not equal to the output values of forestry first industry in Table 7 . It is normal to have a certain error of predicted values even through the prediction model has passed through the accuracy test of residual test and posterior difference test. The two test results mean the error has been in the normal range according to the higher accuracy degree. So the sum of the three forestry sub-industries output values is recorded as output values of primary industry of forestry as shown in Table 7 .
RESULTS AND DISCUSSION
First, we make discussions on the prediction accuracy range of the improved GM (1,1) logarithmic prediction model. The Song et al. (2009) used the traditional GM (1,1) model to predict the forestry output values from 2008 to 2012 in Zhejiang province, and the model prediction accuracy was 95.6%. Dang et al. (2005) and Zhang et al.(2007) give an illustration that the range of prediction accuracy is 90%~99%, and they all emphasize that the prediction accuracy of improved GM (1,1) prediction model has better than the traditional model. When Shang et al. (2011) used the GM (1,1) model improved background value to predict the output values of the primary industry, second industry and third industry of forestry in 2010~2014 in Yunnan province, the model prediction accuracy was 96.01%~99.02%. Zhu and Su (2013) used the improved the GM (1,1) prediction model by the metabolism method to predict output values of the primary industry, second industry and third industry of forestry in Sichuan province in 2011~2020, and the prediction accuracy was 92%~98%. The prediction accuracy range of the logarithmic output values of forestry primary industry and its subindustries is 96.91%~98.52% in Heilongjiang Reclamation Area in this paper, which is in the accuracy range of previous research.
Second, we discuss the prediction accuracy test methods of the GM (1,1) prediction model. The residual error test, the posterior difference test and correlation degree test are used in this paper to test the model accuracy, which is consistent with the test methods used by Shang et al. (2011) . Moreover, Wu (2002) indicated that the correlation degree test, the posterior difference and the residual test were consistent after the lower limit of the correlation degree test was adjusted by way of an example. Zhang (2014) only adopted the residual test method to test the prediction accuracy of GM (1,1) prediction model. However, Yin (2008) Third, we make discussions on adjusting background value and initial value of improved GM (1,1) prediction model. When the logarithmic processing data method ( Hou, 1995; Chen, 1990; Wang, 2014 ) is adopted to process non smooth raw data of forestry output values, the GM (1,1) prediction model not only was altered the background value (Luo, 2003) but also adjusted the initial value ( Zhang, 2007) (2007), which means the research results of Zhang (2007) also have been recognized by other scholars. The comprehensive application of the improved methods can provide some references for the future researchers to use GM (1, 1) model to forecast and analyze.
Fourth, the discussion is on the results of the study. Yin (2008), Shang et al. (2011) and Zhang (2014) used traditional GM (1,1) model to predict the industrial structure of the primary industry, second industry and third industry of forestry in Hunan province, Yunnan province and Zhangwu county, and the results indicated the output values of the second industry of forestry accounted for the largest proportion of the gross output values of forestry. The comprehensive improved GM (1,1) model is used to predict the output values of three subindustries of forestry in Heilongjiang Reclamation Area, and the results indicate the output values of the cultivation and planting of forest trees industry account for the largest proportion of the primary industry of forestry in 2015~2018. This discussion shows that although the forestry prediction values are all about the output values of forestry, but the different constitution of forestry industry could have different structural trend.
CONCLUSION
First, the comprehensive application of the already existing improvements of GM (1,1) prediction model can improve the prediction accuracy. In the use of GM (1,1) prediction model, the non smoothed raw data that cannot be processed by the metabolic method could be transformed into logarithmic form based on the contributions of Chen (1990 ), Hou (1995 and Wang (2014) . Then the background value and the initial value can be adjusted according to the contributions of Luo (2003), Zhang (2013) and Zhang (2007) . The prediction accuracy test of the output values of primary industry of forestry and its sub-industries indicate that the integrated use of improvements above can improve the model prediction accuracy; Second, the research results show that the output values of primary industry of forestry and its sub-industries are showing an upward trend in Heilongjiang Reclamation Area in the future 4 years by using the comprehensive improvements of GM (1,1) prediction model and the forest cultivation and planting industry output values are higher than the other two subindustries.
Under the condition of adjusting background value and the initial value, scholar Zhang (2013) also puts forward that the boundary value should be modified, and compares the prediction accuracy of different modification conditions. So the improvement of the boundary value modification could be the supplement in future research.
